Brief communications 265 PCR and nucleic acid probe methods that merely confirm the presence or absence of M. bovis in a specimen. The immunoperoxidase technique also has a major advantage of being able to detect M. bovis in some decomposing tissues from which isolation may prove difficult. The MAbs may also have diagnostic potentials in other cases such as arthritis and mastitis associated with the mycoplasma. The reagent should also be useful for study of the invasive properties of M. bovis and other pathogenic mechanisms at the molecular level.
The high incidence of food-borne salmonellosis outbreaks needs to monitor and control the shed of S. enteritidis into that are related to Salmonella enteritidis-contaminated grade table eggs, a monoclonal antibody (MAb)-based enzyme-A table eggs are of continued political and economic concern linked immunosorbent assay (ELISA) was developed. 4 The to the US poultry industry. From 1985 to 1987, 77% of the ELISA was determined to have a threshold of detection of outbreaks in the northeastern states with identified food ve-10 4 organisms/0.1 ml of egg culture sample. In that and subhicles were caused by table eggs or food containing these sequent studies, considerable variability was encountered in eggs. 6 In response to the public health and poultry industry the culture time required to permit the growth of S. enteritidis to levels adequate for detection by ELISA in test samples. From the School of Veterinary Medicine, University of Pennsyl-Therefore, further studies were conducted to determine the vania, New Bolton Center, Kennett Square, PA 19348. optimal time and temperature culture parameters of infected Received for publication April 25, 1994. pooled egg samples. In addition, egg contents were separated into yolk, albumin, and mixed eggs for experimental inoculation to determine if the initial site of egg contamination could influence the growth rate of the organism.
An initial growth curve was established for a phage type 8 strain of S. enteritidis (80575, isolated from a chicken spleen, University of Pennsylvania, C. E. Benson) by growing the culture in 10 ml of brain-heart infusion (BHI) broth." After overnight growth at 37 C, the culture was washed by centrifugation and resuspended in sterile phosphate-buffered saline (PBS), and the culture absorbance reading was adjusted to 0.5 at 600 nm. The culture was diluted with sterile PBS to create 12 10-fold dilutions, and the concentration of organisms in the dilutions were assessed by spreading 100 µ1 of each dilution in triplicate onto BHI agar plates. All plate counts were recorded after an overnight incubation at 37 C. Plate counts from 3 separate trials indicated that an overnight culture of S. enteritidis brought to an absorbance of 0.5 at 600 nm consistently contained 3 x 10 8 organisms/ml (Table  1) .
To optimize the culture parameters for ELISA detection of S. enteritidis, grade A large table eggs were cracked aseptically into sterile bags and mixed well. The egg pool was then divided into 4.5-ml samples that were placed in sterile 17-x 100-mm capped tubes. Three tubes were set up for each of the following dilutions: 10,000 organisms/ml, 1,000 organisms/ml, 100 organisms/ml, 10 organisms/ml, and 1 organism/ml. Additionally, 3 tubes were set up as PBS-inoculated controls, and 3 tubes served as uninoculated controls. Two complete sets of these tubes were made for each trial, 1 to be incubated at room temperature and the other to be incubated at 37 C. Three tubes for each temperature were inoculated with 0.5 ml of the appropriate dilution to obtain the following inoculum levels: 1,000, 100, 10, 1, and 0 organisms/ml. Six tubes (3 for each temperature) were inoculated with 0.5 ml of sterile PBS to serve as controls. Nothing was added to the egg control tubes. All of the tubes were vortexed after inoculation.
To confirm the accuracy of the dilutions and to estimate the actual number of organisms inoculated into each egg tube, samples for colony counts from triplicate plates were taken immediately after inoculation. The colony counts were made from BHI plates for each of the original dilutions in PBS and for each egg culture tube. One hundred microliters of each dilution and egg culture was pipetted onto the BHI plates and spread with alcohol-flamed glass spreaders. Immediately after inoculation, 2 200-µ1 samples were taken from each egg culture, PBS control, and egg control and placed in duplicate wells of a 96-well microtiter plate for ELISA. Samples were then taken at 12-hour intervals up through 72 hours postinoculation.
A summary of 2 trials of ELISA detection of S. enteritidis in egg pools inoculated with serial dilutions of organisms and sampled at 6 time intervals of incubation at either 25 C or 37 C is presented in Table 2 . No egg control or PBS control tube samples showed a positive result on the ELISA. At room temperature, positive results were obtained after 24 hours of incubation of the egg culture tubes inoculated with 1,000 organisms/ml and 100 organisms/ml. The egg culture tubes inoculated with 10 organisms/ml showed positive ELISA results after 48 hours of incubation at room temperature. The minimum number of organisms per milliliter that showed positive results on the ELISA after 72 hours of incubation was 10 organisms/ml at room temperature. One egg culture tube inoculated with 0 organisms and 1 egg culture tube inoculated with 1 organism/ml showed positive results on the ELISA after 48 hours of incubation. At 37 C, the first egg culture tubes to show positive results on the ELISA were the tubes inoculated with 1,000 organisms/ml and 2 egg culture tubes that were inoculated with 100 organisms/ml. After 48 hours of incubation at 37 C, the egg culture tubes inoculated with 10 organisms/ml started to show positive ELISA results. Seventy-two hours were required for all of the culture tubes that were inoculated with 10 organisms to become positive.
The growth of artificially inoculated S. enteritidis was assessed in various egg components, which included yolk, albumin, mixed yolk and albumin, and the whole egg. The bacterial culture and dilutions for this trial were prepared as described above. Grade A table eggs were purchased from a local supermarket, and the contents or components of 1 egg were aseptically cracked into a sterile sample bag except for the yolk-only and albumin-only samples, which were placed into 2 separate bags. Three bags each of yolk, albumin, mixed yolk and albumin, and whole egg were set up for incubation at room temperature and at 37 C for each of the following time points: 24, 48, 72, and 96 hours postinoculation. A control of each type of egg preparation was also set up for each time point and temperature. The mixed yolk and albumin samples were mixed well by hand massage. The bags, with exception of the controls, were each inoculated with 100 µ1 of PBS containing 10 organisms/ml of S. enteritidis. The bags with the yolk, albumin, and the mixture of yolk and albumin were inoculated with 10 organisms/ml and then mixed thoroughly by hand massage before incubation. The bags with the whole egg were inoculated only into the albumin and were not mixed before incubation. The bags were incubated at room temperature or at 37 C. In trial 1, the accuracy of the number of organisms inoculated was checked by spreading the dilution used for inoculation and the dilutions above and below it on BHI plates. After an overnight incubation, the colonies on the plates were counted. At each time point, the bags for that time point were mixed by hand massage and 2 200-µ1 samples were taken from each bag for ELISA testing.
A summary of 3 trials of ELISA detection of S. enteritidis in various egg components sampled at various time intervals after inoculation at 25 C or 37 C is presented in Table 3 . All control samples were negative for the pathogen when tested by ELISA. Yolk incubated at 25 C began to register on the ELISA after 48 hours, whereas those incubated at 37 C began to show positive ELISA results after 24 hours. Regardless of the temperature of growth, when only egg albumin was inoculated with the pathogen, growth was not sufficient for ELISA detection. Mixed egg cultures gave the best growth at both temperatures of incubation. Whole egg samples that were inoculated only into the albumin showed very little growth of the pathogen.
Despite the specificity for S. enteritidis of the MAb used in the ELISA, 4 inconsistencies in field trials between ELISA and bacteriologic detection of the pathogen in egg pools have occurred. In initial trials, 8 of the 23 10-egg pool samples that ultimately were positive for S. enteritidis by bacteriology and ELISA screening were not positive by ELISA after the pools had incubated at room temperature for 48 hours, but only upon subsequent testing after 72 hours of incubation. 4 Two of the egg pool samples positive by ELISA could not be grown in culture by the bacteriologic methods in use. Similarly, in a subsequent trial, in which 20-egg pool samples were tested, 4 of the samples were not detected as positive by ELISA in the first screening but were positive after retesting 24 hours later. The ability of the ELISA to detect the pathogen in these egg pools after further incubation suggests that culture parameters were not optimal for adequate growth of the pathogen to permit detection by ELISA.
It has been postulated that naturally infected eggs usually contain 4-10 organisms upon initial contamination. 3 Therefore, it is important in this study that we were able to determine that regardless of the temperature of incubation of the egg pools 72 hours of incubation was required for adequate growth of the pathogen to levels that are detectable by ELISA ( Table 2 ). Although the higher incubation temperature did permit growth of the organisms adequate for ELISA detection in some cultures after 24 hours, as compared with 36 hours for room temperature cultures, by 72 hours the effects of the temperature difference were diluted out, as has been found in other studies. 2, 5 The proportion of yolk to albumin in the egg pool cultures may also be a factor in the ability of the organisms to grow optimally. In these studies, despite the vigorous hand massage to thoroughly mix the original egg pool, some egg culture tubes received more albumin, whereas other tubes received more yolk. Yolk alone allowed growth of 10 organisms/ml to a detectable level on the ELISA after 48 hours of incubation at room temperature. In contrast, albumin-only samples did not allow enough growth of the 10 organisms/ml inoculated for any samples to obtain positive ELISA results (Table 3 ). These results support the conclusions of others that enzymes in the albumin keep growth of salmonellae at low levels. 1, 2, 5 The results of the egg component comparison suggest that a mixture of egg yolk and albumin is the best medium for growth of S. enteritidis; these mixtures were the only samples in which all of the inoculated tubes eventually were identified as positive by ELISA.
The results of this study indicate that the most appropriate sample to incubate for ELISA detection of S. enteritidis contamination in grade A table eggs is well-mixed whole eggs. Incubation of the test samples at either room temperature or 37 C provides adequate growth of the organisms after 72 hours. Using the ELISA to screen large numbers of samples can save considerable time and money in S. enteritidis surveillance programs. Once egg samples have been properly preincubated, results of the ELISA can be available within 4 hours at a low cost, as compared with traditional bacteriologic screening.
Isolation of Salmonella species from ratites
S. L. Vanhooser, R. D. Welsh Salmonella (paratyphoid) infections are common in avian species. Paratyphoid infections are most prevalent in domestic poultry, with the greatest mortality occurring in young birds. 8 In 1993, Salmonella species were isolated from 94 ratites at the Oklahoma Animal Disease Diagnostic Laboratory. Forty-six of 248 isolation attempts were positive in ostrich (Struthio camelus), 34 of 99 in emus (Dromaius novaehollandiae), and 16 of 60 in rheas (Rhea americana). The total incidence was approximately 23% (96/407). In contrast, 15 of 181 attempts were positive in 1992.
Salmonella was isolated from birds 5 days to 4 years of age. The affected birds were from flocks that had fence-tofence contact with other animals species, such as pot-bellied Vietnamese pigs, goats, free-roaming guinea fowl or domestic turkeys, and tracking of caretakers from other species to ratites. Several affected birds were purchased at public auctions from flocks assembled from multiple premises and from flocks in which Salmonella had been isolated previously.
The clinical syndromes observed were peracute, acute, and chronic and in 1 case laying of nonshelled infertile eggs. Salmonella was also isolated from birds with subclinical infections that remained in infected flocks.
In peracute cases, birds died suddenly without premonitory signs. Acutely affected birds had nonspecific signs of depression, anorexia, and weakness, and some had diarrhea. Chronically affected birds were often "poor doers," with decreased growth rate, emaciation, and sporadic episodes of diarrhea.
Gross findings at necropsy in all peracute and acute cases were ecchymotic to suffusive hemorrhages in the serosa of the intestinal tract with marked congestion of mesenteric blood vessels. Mucosa of the caudal small intestine or colon was usually reddened with patchy areas of ulceration covered with a layer of adherent fibrinous exudate or a thick fibrinous cast. Spleens were consistently enlarged with dark red to purple discoloration. Livers were congested with multiple white foci in the parenchyma. In chronic cases, consistent findings were emaciation, smaller-than-normal body size, and fluid small intestinal contents. In all peracute and acute cases, microscopic lesions in the distal small intestine and/or colon were marked ulceration and necrosis of the mucosa covered by a fibrinocellular exudate. Moderate numbers of mononuclear inflammatory cells were observed in the lamina propria. Occasionally, mucosal blood vessels contained fibrinous thrombi. Multifocal necrosis with an infiltrate of small numbers of heterophils and lymphocytes was observed in the liver and spleen.
Microscopically, in chronic cases the mucosa of the small intestine and colon were thickened by a moderate to marked infiltration of lymphocytes, macrophages, and small numbers of plasmacytes.
Standard laboratory procedures were used for the isolation of Salmonella species. 2, 3 The mucosa of the small intestine was cultured directly onto Tergitol 7 agar a and 5% sheep blood agar, and approximately 10% (by volume) of opened intestine was placed in tetrathionate broth a with iodine. The 
